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Marcia Stone is a science writer based in New York City.
RESEARCH ADVANCES

Shifts in Microbiota Influence Mating Choices among Fruit Flies Shannon Weiman
Although commensal microbes are very much in the scientifıc and medical spotlight, their influences may far exceed our wildest expectations, judging from research presented at the 2012 ASM General Meeting, held in San Francisco, Calif., last June. Commensal microbes can influence behavior, sexual selection, and other evolutionary processes, says Eugene Rosenberg of Tel Aviv University in Tel Aviv, Israel, who spoke during the plenary session, "Who's in Charge? How Microbes Affect Animal Behavior." Some flies choose their mates based in part on diet-dependent, gut microbial signatures, Rosenberg says. Drosophila melanogaster fruit flies that feed on starch-containing growth medium exhibit positive sexual selection, choosing to mate with each other while rejecting flies that are reared on a different growth medium, called basic CMY, and vice versa. Rosenberg revisited these experiments, adding antibiotics to the growth media to probe the underlying mechanism. Antibiotic treatment abolished mating preference-starch-fed flies mated at random with CMY-fed flies despite having lived for generations on different diets.
To Rosenberg, these results pointed to gut microbiota as the likely mediator of the changes in fly mating behavior. Indeed, Lactobacillus plantarum, a starch-metabolizing bacterium that typically accounts for only 3% of gut microbiota in CMY-fed flies, had expanded up to 26% of gut microbiota in starch-fed flies. When L. plantarum was added to antibiotic-treated, randomly mating flies, this single bacterial species restored positive sexual selection, Rosenberg says.
How can a fly possibly respond to the microbial content of its mate's intestinal tract? "The odor of many animals results from microbial modifıca-tions of compounds secreted by the host, or released by microorganisms themselves," note Rosenberg and his collaborators. In the case of fruit flies on different diets, the researchers fınd signifıcant differences in fıve cuticular hydrocarbon pheromones from the flies that play a major role in their mating behavior. Treating flies with antibiotics reduces overall levels of pheromones and reduces differences in cuticular hydrocarbon profıles between flies fed CMY and those fed starch. These studies point to gut microbiota as the likely source of these compounds that dictate sexual behavior, and the observed differences between starch-and CMY-fed flies, Rosenberg says.
The scent glands of spotted hyenas in Kenya typically contain commensal anaerobic bacteria that produce volatile odorants, such as alcohols, ketones, and short-chain fatty acids that are common components of scent markings, according to another speaker in the session, Kevin Theis of Michigan State University in East Lansing. While all spotted hyenas harbor the same commensal species, the proportions of these bacteria vary according to traits of the individual host, including age, sex, pregnancy, and clan association. These unique microbial profıles generate signature mixtures of volatile compounds that can be "read" by a passerby.
Odor influences sexual behavior from insects to large mammals. These studies provide evidence that microbes can influence odor-related mate selection behavior. Moreover, microbemediated sexual selection can lead to restricted genetic exchanges between populations, allowing for genetic divergence and, potentially, speciation, Rosenberg says. Thus, microbes may be driving evolution by influencing sexual selective pressure in host populations. Several examples stand out. For instance, commensal gut bacteria are directly linked with colitis-associated cancers, while several pro-and antiinflammatory bacteria modulate other gastrointestinal malignancies. In addition, Helicobacter pylori is the wellknown instigator for gastric cancer, part of a relationship that Trinchieri calls the "canonical example" of a malignancy associated with a single species. These bacteria are thought to upset intestinal microbiota homeostasis, causing a state of "dysbiosis," according to Gerardo Nardone from Federico II University in Naples, Italy.
Shannon Weiman is a freelance writer in San
Gut commensals typically are restricted to the intestinal lumen, its epithelial surface, or underlying lymphoid tissues. Even though well contained, however, "the sheer number of microbes in the intestinal tract makes an occasional breach inevitable," says Lora V. Hooper from the University of Texas Southwestern Medical Center in Dallas. Escaping cells are typically quickly eliminated via phagocytosis. However, some translocated microorganisms are carried to mesenteric lymph nodes by dendritic cells (DCs), where they stimulate immune responses that damage or destroy microbes roaming the body. Thus, the gut microbiome "affects all phases of cancer, from initiation at the single-cell level to early growth, progression, and dissemination," says Trinchieri. Details appear in the 8 June 2012 Science (336:1268 -1273) and the 2012 Annual Review of .
In contrast, some commensal bacteria enhance the anti-inflammatory activity of adaptive immunity by directing T-regulatory (T REG ) cells and inducing expression of IL-10, says Hooper. When colonized with 46 strains of clostridia, for example, IL-10-secreting T REG cells expand in germ-free mice. In another case, commensal flora protect transgenic mice against mammary carcinoma; moreover, treating them with antibiotics speeds tumor growth. Similarly, antibiotics also sometimes interfere with anticancer therapies, suggesting that commensals somehow regulate an individual's response to treatment, according to Trinchieri, who is studying this phenomenon.
In addition to bacteria, the mammalian gut contains fungi-the mycobiome-that also interact with the host immune system, including through an innate immune receptor called Dectin-1. It can signal cells to produce inflammatory cytokines and induce T helper 17, according to David M. Underhill at the Cedars-Sinai Medical Center in Los Angeles. Mice lacking the Dectin-1 immune receptor gene show increased susceptibility to chemically induced colitis, which is a risk factor for colitis-associated cancers. Details appear in the June 8, 2012 Science (336:1314 -1317 "There are about 5,000 viral parasites on this planet that are known, but . . . only 30 to 40 of those are from archaea," Young says. The genes of viruses that infect archaea are unusual, suggesting that eukaryotes share an evolutionary relationship with archaea that is closer than that with bacteria, he says. However, because archaea or their viruses cause no diseases in humans, animals, or plants of agricultural interest, there is little interest in study-
MINITOPIC
Silk-Based Material Stabilizes Vaccines, Antibiotics
A silk protein-based material stabilizes several types of antibiotics and vaccines, enabling some of them to withstand storage at 140°F (60°C), for more than 6 months, according to David Kaplan of Tufts University in Medford, Mass., and his collaborators. The silk films wrap around the antibiotics and vaccines, protecting them while extending their shelflives. The chemistry and structure of the silk protein provide a stabilizing environment for such molecules, the researchers say. Additionally, the silk films protect one of the antibiotics tested against the detrimental effects of light. Details appear in the July 9, 2012 Proceedings of the National Academy of Sciences doi: 10.1073/pnas.1206210109.
